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JETSCAPE framework

MC event generator package for heavy ion collisions

JETSCAPE, arXiv:1903.07706

- General, modular and customizable (users can add their own modules)

- Support communications between modules

JETSGAPE Event Generator
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http://github.com/JETSCAPE

JETSCAPE framework

MC event generator package for heavy ion collisions

JETSCAPE, arXiv:1903.07706

- General, modular and customizable (users can add their own modules)

- Support communications between modules

- Available on R
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https://indico.cern.ch/event/1162218/
http://github.com/JETSCAPE

The JETSCAPE Collaboration

Development of JETSCAPE framework (by COMP working group)

Using JETSCAPE framework,
- studies for implications of QGP physics (by PHYS working group)
- bayesian studies focusing on in-medium jet modification (by STAT working group)
- ayesian studies focusing on bulk QGP dynamics (by SIMS working group)

JETSCAPE Event Generator
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The JETSCAPE Collaboration

Development of JETSCAPE framework (by COMP working group)

Using JETSCAPE framework,
- studies for implications of QGP physics (by PHYS working group)
- bayesian studies focusing on in-medium jet modification (by STAT working group)
- ayesian studies focusing on bulk QGP dynamics (by SIMS working group)
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The JETSCAPE Collaboration

Development of JETSCAPE framework (by COMP working group)

Using JETSCAPE framework,
- studies for implications of QGP physics (by PHYS working group)
- bayesian studies focusing on in-medium jet modification (by STAT working group)
- ayesian studies focusing on bulk QGP dynamics (by SIMS working group)

JETSCAPE Event Generator
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The JETSCAPE Collaboration

Development of JETSCAPE framework (by COMP working group)

Using JETSCAPE framework,
- studies for implications of QGP physics (by PHYS working group)
- bayesian studies focusing on in-medium jet modification (by STAT working group)
- ayesian studies focusing on bulk QGP dynamics (by SIMS working group)

JETSGAPE Event Generator
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JETSCAPE, arXiv:2204.01163

Multi-stage evolution of jet shower
In JETSCAPE

SN
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Multi-stage jet evolution in JETSCAPE

Majumder, Putschke, PRC 93, 054909 (2016), JETSCAPE, PRC96, 024909 (2017)

- In-vacuum: Virtuality ordered splitting

Small-0

Large-0

0° = p*p, — m*: virtuality (off-shellness)
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Multi-stage jet evolution in JETSCAPE

Majumder, Putschke, PRC 93, 054909 (2016), JETSCAPE, PRC96, 024909 (2017)

- In-vacuum: Virtuality ordered splitting

Small-0

- Large-Q: Medium effect on top of in-vacuum splitting

Large-0O

——>

0’ = p*p, — m*: virtuality (off-shellness)
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Multi-stage jet evolution in JETSCAPE

Majumder, Putschke, PRC 93, 054909 (2016), JETSCAPE, PRC96, 024909 (2017)

- In-vacuum: Virtuality ordered splitting

Small-0

- Large-Q: Medium effect on top of in-vacuum splitting

Large-0O - Small-Q: Splitting driven almost purely by medium effects

——>

0’ = p*p, — m*: virtuality (off-shellness)
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Multi-stage jet evolution in JETSCAPE

Majumder, Putschke, PRC 93, 054909 (2016), JETSCAPE, PRC96, 024909 (2017)

- In-vacuum: Virtuality ordered splitting

Small-0

- Large-Q: Medium effect on top of in-vacuum splitting

Large-0O - Small-Q: Splitting driven almost purely by medium effects

——)-

0° = p*p, — m*: virtuality (off-shellness)
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Multi-stage jet evolution in JETSCAPE
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Multi-stage jet evolution in JETSCAPE
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Multi-stage jet evolution In JE

TSCAPE

JETSCAPE, PRC96, 024909 (2017)

Graph of parton shower generated by JETSCAPE
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Black arrows: MATTER [Q > Q,,, = 2 GeV]

Blue arrows: LBT[Q < 0Q,,]

Green arrows: Scattered medium parton




Multi-stage jet evolution in JETSCAPE

Coherence effects

- Scale evolution of QGP constituent distribution

- Less interaction for large-Q? partons
— Implemented in MATT
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JETSCAPE, arXiv:2204.01163

......
. 3

LI L L L L L L L L L=

B Q;”;“L [without coherence effect] _

10 &~ ——E=10GeV ==E =500 GeV—

~ . o) ]

1 = QHTLT];(Q ) [with coherence effect] =

u —F =10GeV =—F = 500GeV _]

10 ' 7=04Gev 5

— Running coupling =

— o =03,0., =2 GeV =

- Cl=10, 62:100 =
1072 T T T T T T T T

0 5 10 15 20 25 30 35 40 45 50

0* (GeV?)



Jet simulation with JETSCAPE

p+p simulation setup
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Jet simulation with JETSCAPE

p+p simulation setup

Hard Scattering: Pythia8 (w/ ISR FSR)
Parton Shower: MATTER (vacuum)
Hadronization: Lund String
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Jet simulation with JETSCAPE

p+p simulation setup

Hard Scattering: Pythia8 (w/ ISR FSR)
Parton Shower: MATTER (vacuum)
Hadronization: Lund String
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Jet simulation with JETSCAPE

p+p simulation setup

Hard Scattering: Pythia8 (w/ ISR FSR)
Parton Shower: MATTER (vacuum)
Hadronization: Lund String

A+A simulation setup
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Jet simulation with JETSCAPE

p+p simulation setup

Hard Scattering: Pythia8 (w/ ISR FSR)
Parton Shower: MATTER (vacuum)
Hadronization: Lund String

A+A simulation setup

Hard Scattering: Pythia8 (w/ ISR FSR)
Parton Shower: MATTER+LBT (recoll on, 0., =2 GeV)
Hadronization: [Lund String
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Jet simulation with JETSCAPE

p+p simulation setup

Hard Scattering: Pythia8 (w/ ISR FSR)
Parton Shower: MATTER (vacuum)
Hadronization: Lund String

A+A simulation setup

Initial

Condition

Hard Scattering: Pythia8 (w/ ISR FSR) T(x) Initial Condition: TRENTo+Freestreaming
Parton Shower: MATTER+LBT (recoil on, Q,, =2 GeV) uh(x)
Hadronization: [Lund String
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Hydro Evolution: VISHNU (2+1D viscous)




Jet and single particle energy loss

JETSCAPE, arXiv:2204.01163
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Pb+PDb collisions at 5.02 TeV
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Jet and single particle energy loss

JETSCAPE, arXiv:2204.01163

Pb+PDb collisions at 5.02 TeV
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Jet and single particle energy loss

JETSCAPE, arXiv:2204.01163

Pb+PDb collisions at 5.02 TeV

.
.
.
Py
.
.
.
.
.t
.
---
.
Py
.
.
.
Py
PR
-

L
Ly
gL
g se

agSw
.......
.......
. a
...........
Y “a

]

e,

| I | | | | I | |
1ok ® ATLAS [PLB 790, 108 (2019)] | 1.6-PbPDH (0_10%), m — 5.02 TeV —
""" W CMS [JHEP 05, 284 (2021)], |njet|<2.0 1| < 1.0 M _
- — MATTER+LBT (w/ coherence effect) ) 1.4 . -
0.8 ~~ MATTER+LBT (w/o coherence effect) [ = - ; 2'_ ® CMS [JHEP 1704, 039 (2017)] AEVSLAPE -
i * 1 "L = MATTER+LBT (w/ coherence effect) 1
1.0 =~ MATTER+LBT (w/o coherence effect) —
55061 oo ¢ ¢ + - <l ; ¢ i
St { &

PbPb (0-10%), /38~ = 5.02 TeV

anti-kt, R = 0.4, |yjet| < 2.8
0-2" M )
2€)% Running Coupling 0.2
i JE]—SFHFF (). _—92 (1eV ) nnnning Coupling |
1 I | | |
107

0.0

AN 9

1ETseRPE Y. Tachibana for the JETSCAPE Collaboration, CFNS, Stony Brook University, June 29th, 2022



Jet and single particle energy loss

JETSCAPE, arXiv:2204.01163

Pb+PDb collisions at 2.76 TeV
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Jet and single particle energy loss

JETSCAPE, arXiv:2204.01163

Au+Au collisions at 200 GeV
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Jet and single particle energy loss

JETSCAPE, arXiv:2204.01163

Au+Au collisions at 200 GeV
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Jet substructures

JETSCAPE (in preparation)

Jet Fragmentation Function
- P distribution of charged particle inside Jets e
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Jet substructures

JETSCAPE (in preparation)

Jet Fragmentation Function
- pr distribution of charged particle inside jets -
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Jet substructures

JETSCAPE (in preparation)
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Jet substructures

Jet splitting function
- Momentum fraction in the hardest splitting of jet (zg)
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Jet substructures

JETSCAPE (in preparation)
Jet splitting function

- Momentum fraction in the hardest splitting of jet (Zg)
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Heavy flavor energy loss

JETSCAPE (in preparation)
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Heavy flavor energy loss

JETSCAPE (in preparation)
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y-jet correlations

JETSCAPE (in preparation)

y-jet imbalance
- Back-to-back y-jet pairs
- Isolated y Tn
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y-jet correlations

JETSCAPE (in preparation)

y-jet imbalance
- Back-to-back y-jet pairs
- Isolated y Tn

— p+p: JETSCAPE

== p+p: Pythia
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Jet-medium interaction
In hadronization process
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Jet-medium interaction in hadronization

Hybrid hadronization model
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Jet-medium interaction in hadronization

Hybrid hadronization model
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Jet-medium interaction in hadronization

Hybrid hadronization model 12
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Summary

Multi-stage evolution of jet shower in JETSCAPE

- Extension of multi-stage jet energy loss by coherence effect (Qz—dependence)
- Simultaneous description of jet and single particle at various 4/ S~

- Detalls of interaction encoded In jet substructures

- Further systematic studies for heavy-quark and y-jet

Jet-medium interaction in hadronization

- Enhancement of baryon/meson ratio due to recombination
- Blue shift by the medium background flow

Bayesian studies with JETSCAPE

- Jet quenching parameter g: PRC104, 024905

- Bulk transport coefficients: PRL126, 242301, PRC 103, 054904, arXiv:2203.08286
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Centrality dependence

Inclusive jet R, , in Pb+Pb collisions at 5.02 TeV
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JETSCAPE, arXiv:2204.01163
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Centrality dependence

JETSCAPE, arXiv:2204.01163

Charged particle R, , in Pb+Pb collisions at 5.02 TeV
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y-jet and JtO-jet correlations

JETSCAPE (in preparation)

Au+Au collisions at 200 GeV
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y-jet and ﬂO-jet correlations

JETSCAPE (in preparation)

Au+Au collisions at 200 GeV
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